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Description 

[0001] This Invention relates to a machining method 
using hydroxide ions in ultrapure water. More particularly, 
the invention relates to an electrolytic machining method 
and an electrolytic machining apparatus which use only 
ultrapure water as an electrolytic solution and increase 
its ion product markedly, thus being capable of removal 
processing a workpiece or forming an oxide film thereon 
by the action of hydroxide ions. 

[0002] In recent years, new materials have been de- 
veloped one after another with the progress of science 
and technology. However, effective processing tech- 
niques for these new materials have not been estab- 
lished, and constant pursuit after forerunning new mate- 
rials underdevelopment has been encouraged. Recent- 
ly, mic restructure and high precision have been intro- 
duced into components of every instrument. As fabrica- 
tion on the submicron scale has become common, 
processing methods themselves have exerted increas- 
ing influence on the characteristics of materials. Under 
these circumstances, a processing method in which a 
tool effects removal processing of a workpiece while 
physically destroying it, such as conventional machining, 
causes many defects to the workpiece. As a result, the 
characteristics of the workpiece are deteriorated. How to 
process a material without impairing its characteristics 
poses a problem. 

[0003] Among special processing methods initially de- 
veloped as means for solving the problem are chemical 
polishing, electrolytic machining, and electrolytic polish- 
ing. These processing methods, as contrasted with con- 
ventional physical processing, carry out removal 
processing by causing a chemical dissolution reaction. 
Hence, defects due to plastic deformation, such as af- 
fected layers or dislocations, do not occur, and the above- 
mentioned challenge of processing a material without im- 
pairing its characteristics can be solved. 
[0004] More attention has been paid to a processing 
method which makes use of a chemical interaction be- 
tween atoms. This is a processing method utilizing fine 
particles or a radical with high chemical reactivity. Such 
a processing method performs removal processing 
through a chemical reaction, on the atomic order, with a 
workpiece. Thus, it is capable of processing control on 
the atomic order. Examples of this processing method 
are EEM (elastic emission machining) and plasma CVM 
(chemical vaporization machining) which were devel- 
oped by the inventor of the present invention. EEM uti- 
lizes a chemical reaction between fine particles and work- 
piece, and realizes processing on the atomic order, with- 
out impairing the characteristics of the material. Plasma 
CVM utilizes a radical reaction between radicals gener- 
ated in atmospheric plasma and workpiece, and realizes 
processing on the atomic order. 

[0005] With the aforementioned electrolytic machining 
or electrolytic polishing, processing has hitherto been 
said to proceed by the electrochemical interaction be- 



tween the workpiece and an electrolytic solution (an 
aqueous solution of NaCI, NaNOg, HF, HCI, HNC 3 or 
NaOH). As long as the electrolytic solution is used, con- 
tamination of the workpiece with the electrolytic solution 
5 is unavoidable. 

[0006] The inventor estimated that in a neutral or al- 
kaline electrolytic solution, hydroxide ions (OH - ) must 
take part in processing, and speculated that processing 
would be possible with watercontaining traces of hydrox- 
10 ide ions. Experimentally, the inventor confirmed the pos- 
sibility for such processing. Based on the findings, the 
inventor proposed in Japanese Unexamined Patent Pub- 
lication No. 58236/1998 a method which uses only ul- 
trapure water except for traces of incidental impurities, 
15 and applies thereto a hydroxide ion increasing treatment 
for Increasing its ion product. According to this method, 
a workpiece immersed in ultrapure water having an in- 
creased concentration of hydroxide ions is subjected to 
a chemical dissolution reaction or an oxidation reaction 
with hydroxide ions, whereby removal processing or ox- 
ide film formation takes place. As the hydroxide ion in- 
creasing treatment, the inventor also proposed the use 
of an electrochemical reaction occurring on a solid sur- 
face having an ion exchange function or a catalytic func- 
tion. These proposals have led to the creation of a novel 
processing method capable of clean processing, with no 
impurities left behind on the processed surface, by utiliz- 
ing hydroxide ions in ultrapure water. This processing 
method is expected to have wide varieties of applications, 
including the production of semiconductors. 
[0007] However, it is a well known fact that the con- 
centration of hydroxide ions In ultrapure water is very low 
and about 1 0" 7 mol/l at 25°C and 1 atmosphere. Even 
with the use of a conventional ion exchange membrane, 
the hydroxide ion density increased thereby is at most 
about 1 0 3 - to 1 0 4 -fold. This value is 1/1 0 4 to 1/1 0 3 of the 
ion density of 1N NaOH. It would make the processing 
speed still too low to realize practical processing. 
[0008] In light of the foregoing circumstances, the 
present invention aims to provide a processing method 
capable of performing clean processing, with no impuri- 
ties left behind on a processed surface of a workpiece, 
with the use of hydroxide ions in ultrapure water, which 
method further increases an oxide ion density on a proc- 
essed surface of a workpiece, and also rapidly removes 
atoms of the workpiece, bound to the hydroxide ions, 
from the processed surface, thereby raising the process- 
ing speed. 

[0009] A first aspect of the invention, for attaining the 
above-mentioned object, is an electrolytic machining 
method comprising placing an anode and a cathode in 
ultrapure water, the anode serving as a workpiece, and 
the cathode being opposed to the anode with a prede- 
termined spacing; disposing a catalytic material between 
the workpiece and the cathode, the catalytic material pro- 
moting dissociation of the ultrapure water and having wa- 
ter permeability; and forming a flow of the ultrapure water 
inside the catalytic material while applying a voltage be : 
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tween the workpiece and the cathode, to decompose wa- 
ter molecules in the ultrapure water into hydrogen ions 
and hydroxide ions, and supply the resulting hydroxide 
ions to a surface of the workpiece, thereby performing 
removal processing of or oxide film formation on the work- 
piece through a chemical dissolution reaction or an oxi- 
dation reaction mediated by the hydroxide ions. 
[0010] FIG. 1 shows the principle of processing ac- 
cording to the invention. In ultrapure water, a workpiece 
2 as an anode, and a cathode 1 opposed thereto are 
placed. Between the workpiece 2 and the cathode 1, a 
nonwoven fabric 3 having ion exchange ability as a cat- 
alytic material is disposed. A power source 4 is connected 
to the workpiece 2 and the cathode 1, and water mole- 
cules, a, in the ultrapure water are decomposed into hy- 
droxide ions, b, and hydrogen ions, c, by the ion ex- 
change material 3. The resulting hydroxide ions, b, are 
supplied to a surface of the workpiece by an electric field 
working between the workpiece 2 and the cathode 1 and 
by a flow of the ultrapure water to increase the density 
of the hydroxide ions near the workpiece and react the 
hydroxide ions, b, with atoms, d, of the workpiece. Re- 
action products, e, formed by the reaction dissolve into 
the ultrapure water, and are removed from the workpiece 
2 by the flow of the ultrapure water along the surface of 
the workpiece 2. In this manner, removal processing of 
a surface layer of the workpiece 2 is carried out Alter- 
natively, an oxidation reaction between the workpiece 
atoms d and the hydroxide ions b forms a clean oxide 
film on the surface of the workpiece, thereby performing 
processing for oxide film formation. Accumulation of this 
film can obtain the desired shape. 
[001 1 ] According to the above-described method, hy- 
droxide ions b are formed by the chemical reaction on 
the solid surface having ion exchange function or cata- 
lytic function that is installed in the vicinity of the surface 
of the workpiece. Thus, the surface of the workpiece 
close to the surface of the solid material that generates 
such hydroxide ions b is preferentially processed. Move- 
ment of this part that proceeds with processing enables 
the surface of the workpiece 2 to be processed into a 
desirable surface shape. 

[0012] So-called transfer processing is also possible 
in which the shape of the ion exchange material 3 that 
generates hydroxide ions b is transferred to the surface 
of the workpiece. If the shape of the ion exchange ma- 
terial 3 that generates hydroxide ions b is linear, a plate- 
like material can be cut. By adjusting processing param- 
eters, such as the supply amount of hydroxide ions b, 
moreover, it becomes possible to select whether the re- 
action induced on the surface of the workpiece 2 will be 
an oxidation reaction, or a removal processing reaction. 
[0013] The present invention using such a catalytic 
material, and a conventional method using an ion ex- 
change membrane will be compared and explained. With 
the conventional method, as shown in FIG. 2, hydrogen 
ions, c, can move into an ion exchange membrane 3a, 
but hydroxide ions b and water molecules a minimally 



move into its interior. Thus, hydroxide ions b formed by 
electrolysis of water occur mainly on the surface of the 
ion exchange membrane 3a, and active points inside the 
ion exchange membrane remain unused. Hence, the ef- 

5 ficiency of formation of hydroxide ions b in the ion ex- 
change membrane 3a was not sufficient, and an electric 
current flowing between the two electrodes was low. On 
the other hand, the present invention uses a water per- 
meable catalytic material having some volume, such as 

10 a nonwoven fabric 3b given ion exchange ability. Accord- 
ing to this invention, as shown in FIG. 3, water flows suf- 
ficiently into the nonwoven fabric 3b, so that active points 
inside the nonwoven fabric 3b can be utilized for elec- 
trolysis of water. In addition, the hydroxide ions b gener- 
is ated inside the nonwoven fabric can easily arrive at the 
workpiece as the anode as water moves. In the invention, 
therefore, a high current density difficult to achieve by 
the conventional method can be obtained easily. 
[0014] FIGS. 1 to 3 are concept views schematically 

20 showing a processing apparatus for realizing a process- 
ing method relying on hydroxide ions in ultrapure water 
according to the invention. This apparatus will be ex- 
plained in further detail by reference to FIG. 4, but the 
invention is not restricted thereby. 

25 [001 5] In the electrolytic machining method as the first 
aspect of the invention, the catalytic material may be a 
nonwoven fabric provided with ion exchange ability. Such 
a nonwoven fabric is prepared by radiation-induced graft 
polymerization of a nonwoven fabric having a suitable 

30 fiber diameter and a void ratio, namely, a polymerization 
method which irradiates the nonwoven fabric with, for 
example, y rays and then graft polymerizes the irradiated 
fabric. As the catalytic material, a cloth of ion exchange 
fibers, or a net having ion exchange groups introduced 

35 therein can be named. The ion exchange groups of the 
nonwoven fabric provided with ion exchange ability are 
desirably strongly basic anion exchange groups, or 
strongly acidic cation exchange groups. 
[001 6] As regards the gap between the nonwoven f ab- 

40 he and the cathode, or between the nonwoven fabric and 
the workpiece (anode), it is advantageous that the non- 
woven fabric be in contact with both electrodes, because 
the value of the current can be increased. However, the 
reaction product tends to build up between the electrode 

45 and the nonwoven fabric, and processing may become 
nonuniform. Increasing the flow velocity of ultrapure wa- 
ter can resolve this possibility, but is not preferred, be- 
cause an increase in a pressure loss of the apparatus is 
not avoidable. To remove the reaction product rapidly 

50 from the workpiece and the cathode, therefore, it is pre- 
ferred to provide a gap between the nonwoven fabric and 
the electrode, especially the workpiece. The manner of 
providing the gap, and the size of the gap are selected 
according to the purpose of processing. 

55 [001 7] I n the above electrolytic machining method, the 
catalytic material may be disposed in contact with one of 
the cathode and the anode, and away from the other. 
[0018] In the above electrolytic machining method, the 
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catalytic material may be disposed between the work- 
piece (anode) and the cathode so as to contact both of 
the workpiece and the cathode. 
[0019] In the above electrolytic machining method, 
electrolytic machining may be performed, with ultrapure 
water being flowed in one direction between the work- 
piece and the cathode. According to this feature, the ve- 
locity of a flow of ultrapure water between the cathode 
and the workpiece, including the nonwoven fabric, is ad- 
justed, whereby metal ions formed by the reaction can 
be removed or controlled reliably according to the pur- 
pose of processing or the characteristics of the work- 
piece. 

[0020] A second aspect of the invention is an electro- 
lytic machining apparatus, comprising a processing tank 
for holding ultrapure water, means for bearing a cathode 
and a workpiece in the processing tank, means for fixing 
a nonwoven fabric provided with ion exchange ability be- 
tween the workpiece and the cathode, means for apply- 
ing a voltage between the cathode and the workpiece, 
an ultrapure water feeder for supplying ultrapure water 
into the processing tank, and means for discharging 
waste water, which contains Impurities formed by elec- 
trolytic machining, to the outside of the processing tank. 
[0021] In accordance with the foregoing features of the 
invention, a flow of ultrapure water is formed inside a 
nonwoven fabric provided with ion exchange ability, 
whereby hydroxide ions are formed in much larger an 
amount than by a conventional ion exchange material 
such as an ion exchange membrane. The hydroxide ions 
can be supplied efficiently to the surface of a workpiece 
by an electric field and the flow of ultrapure water. Thus, 
the density of hydroxide ions near the surface of the work- 
piece is increased. Also, reaction products formed by the 
reaction between hydroxide ions and atoms of the work- 
piece are rapidly removed from the surface of the work- 
piece by the flow of ultrapure water. As a result, a fresh 
surface to be processed is always exposed, so that the 
processing speed becomes dramatically fast. 
[0022] Furthermore, processing takes place by the 
electrochemical action of hydroxide ions and workpiece 
atoms. Thus, the workpiece is prevented from suffering 
physical defects and impaired characteristics. Besides, 
processing in ultrapure water can prevent contamination 
with impurities from the outside world, and can lead to 
the provision of a processed article having high quality. 
In addition, only ultrapure water is used, so that a burden 
on waste water disposal is very light, and a marked de- 
crease in the processing cost is possible. 
[0023] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings which are given 
by way of illustration only, and thus are not limitative of 
the present invention, and wherein: 

FIG. 1 is a concept view for illustrating the principle 
of electrolytic machining; 

FIG. 2 is a concept view for illustrating the principle 



of processing according to a conventional method; 
FIG. 3 is a concept view for illustrating the principle 
of processing according to the present invention in 
comparison with the conventional method; 
5 FIG. 4 is a sectional view of a first embodiment of an 
electrolytic machining apparatus according to the in- 
vention; 

FIG. 5 is a sectional view of another embodiment of 
an electrolytic machining apparatus according to the 
10 invention for the purpose of experiments; 

FIG. 6 is a graph showing the relation between a 
voltage applied and an electrolytic current density 
based on the results of Example 1 that used the ap- 
paratus of FIG. 5; 
is FIG. 7 is a graph showing the relation between a 
current density and a processing speed based on 
the results of Examples 2 and 3 that used the appa- 
ratus of FIG. 5; and 

FIG. 8 is a view showing the process of Example 3 
that used the apparatus of FIG. 5. 

[0024] Preferred embodiments of the present inven- 
tion will now be described in detail with reference to the 
accompanying drawings, which in noway limit the inven- 
tion. 

[0025] As shown in FIG. 4, an electrolytic machining 
apparatus 10 comprises a sealabie processing tank 5, 
an ultrapure water feeder 6 for accepting city water, for 
example, from an inlet piping 1 1 and using this water as 
raw water to produce ultrapure water, a supply piping 1 2 
for supplying ultrapure water from the ultrapure water 
feeder 6 to the processing tank 5, a return piping 1 3 for 
returning outlet water from the processing tank 5 to the 
ultrapure water feeder 6, and a drainage pipe 1 4 for dis- 
charging part of the outlet water from the processing tank 
5 to the outside of the system. Inside the processing tank 
5, a cathode 1 , and a workpiece 2, which is an anode 
opposed to the cathode 1 are supported by a predeter- 
mined support structure. Between the cathode 1 and the 
workpiece 2, a nonwoven fabric (catalytic material) 3, 
which is an ion exchange material provided with ion ex- 
change ability, is disposed in such a manner as to divide 
the processing tank 5. According to the purpose of 
processing and the characteristics of the workpiece 2, 
the nonwoven fabric 3 is provided in contact with both of 
the cathode 1 and the workpiece 2, or in close contact 
with the workpiece 2 alone, or in close contact with the 
cathode 1 alone. 

[0026] In the above-described apparatus, ultrapure 
water is circulated from the ultrapure water feeder 6 to 
the processing tank 5 and the return piping 13 via the 
supply piping 12. At the same time, a power source 4 is 
connected to the cathode 1 and the workpiece 2 as the 
anode, and a voltage is applied between both electrodes. 
As a result, hydroxide ions are formed by a chemical 
reaction on the solid surface of the nonwoven fabric 3 
provided with ion exchange ability. These hydroxide ions 
perform removal processing or oxide film formation. Con- 
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sequently, an upward flow is formed Inside the process- 
ing tank 5, and passes through the nonwoven fabric 3. 
Thus, hydroxide ions are produced in large amounts, and 
fed to the surface of the workpiece 2 to effect efficient 
processing. 

[0027] Water discharged from the processing tank 5 
is returned to the ultrapure water feeder 6 via the return 
piping 13, if this water is cleaner than city water. If the 
discharged water is relatively dirty, it is discharged to the 
outside by the drainage pipe 14 so that ultrapure water 
supplied can always maintain high purity. If a rise in the 
water temperature due to circulation is likely, a heat ex- 
changer is disposed in the circulation system to remove 
heat by cooling water and control the water temperature 
during processing to be as constant as possible. This is 
necessary to increase the processing accuracy. The in- 
vention does not use a chemical other than ultrapure wa- 
ter. Thus, contamination inside the processing tank 5 is 
only a reaction product occurring during the processing 
procedure. Even if the circulation is performed, the 
amount of load on the ultrapure water feeder 6 is very 
small. Because of the circulation, the amount of drainage 
is decreased, and treatment of a chemical solution is also 
unnecessary. Hence, the operating cost can be mini- 
mized. 

[0028] FIG. 5 shows another embodiment of the elec- 
trolytic machining apparatus according to the invention. 
In this embodiment, a cathode 1 and a workpiece 2 are 
disposed opposite to each other on both walls of a chan- 
nel 15 for ultrapure water. Between the cathode 1 and 
the workpiece 2, a nonwoven fabric 3 provided with ion 
exchange ability is disposed in such a manner as to block 
the channel. The channel is formed as a narrow portion 
of a predetermined length which is defined between an 
upstream broad portion 1 6 and a downstream broad por- 
tion 17 via tapered channel enlarging portions (shrinking 
portions) 1 8 and 1 9. At sites opposed to the center of the 
narrow portion, depressions are formed for holding the 
cathode 1 and the workpiece 2. Between these depres- 
sions, a holder mechanism is provided for holding the 
nonwoven fabric. The presence or absence of the gap 
between the nonwoven fabric 3, cathode 1 and workpiece 

2, and the size of the gap, if any, may be determined 
according to the purpose of processing and the charac- 
teristics of the workpiece 2. In the absence of the gap, 
ultrapure water flows only through the nonwoven fabric 

3. In the presence of the gap, ultrapure water flows di- 
videdly according to the size of the gap. According to the 
present embodiment, the cathode 1 , the workpiece 2 and 
the nonwoven fabric 3 are disposed in the closed chan- 
nel, so thatthe flow of ultrapure water among these mem- 
bers can be controlled completely. That is, the flow is 
unidirectional, and does not stagnate or return. Nor does 
the flow escape by any other route. Thus, its velocity can 
be adjusted merely by the opening of a flow control valve. 
Hence, the flow velocity is set according to the purpose 
of processing and the characteristics of the workpiece 2, 
whereby metal ions, etc. produced by the reaction can 



be removed or controlled reliably. 

EXAMPLES 

5 Example 1 

[0029] The apparatus shown in FIG. 5 was used for 
experiments. Ultrapure water was supplied at a flow rate 
of 300 mi/min, and the nonwoven fabric 3 provided with 
10 strongly acidic cation exchange ability was disposed be- 
tween both electrodes 1 and 2. The electrodes 1 and 2 
were both made of platinum. Using these members, the 
relation between a voltage applied and a current density 
was investigated. The distance between the electrodes 
15 was 0.8 mm, and the nonwoven fabric 3 provided with 
strongly acidic cation exchange ability was disposed in 
contact with both electrodes. The nonwoven fabric 3 pro- 
vided with strongly acidic cation exchange ability was 
prepared by radiation -induced graft polymerization of a 
20 nonwoven polyolefin fabric having a fiber diameter of 20 
to 50 jxm and a void ratio of about 90%, namely, a po- 
lymerization method which irradiated the nonwoven fab- 
ric with y rays and then graft polymerized the irradiated 
fabric. Further, the incorporated graft chains were sul- 
25 fonated to introduce sulfonic groups. The ion exchange 
capacity of the resulting nonwoven fabric was 2.8 meq/g. 
[0030] The relation between the applied voltage and 
the current density is shown in FIG. 6. As curve A in FIG. 
6 shows, when the applied voltage was 9.7 V, the current 
30 density was 6.6 A/cm 2 . As shown here, when the non- 
woven fabric 3 provided with strongly acidic cation ex- 
change ability was installed between the electrodes, an 
electric current flowed efficiently between the electrodes. 
Thus, it was confirmed that a high current could be ob- 
35 tained even at a low voltage applied. 

[0031] As stated above, with the use of the nonwoven 
fabric 3 provided with ion exchange ability, water can 
move freely inside the nonwoven fabric. Thus, water can 
easily arrive at active points inside the nonwoven fabric 
40 which have the action of catalyzing the decomposition of 
water. As a result, many water molecules are decom- 
posed into hydrogen ions and hydroxide ions. Further, 
the hydroxide ions generated by electrolysis are trans- 
ported efficiently to the surface of the electrode as water 
45 moves. Hence, a high current is obtained at a low voltage 
applied. 

Comparative Example 1 

50 [0032] The same experiments as in Example 1 were 
conducted by means of the apparatus shown in FIG. 5 
and with the use of a strongly acidic cation exchange 
membrane (Nation® 117, Du Pont) as a conventional 
method, instead of the nonwoven fabric provided with 

55 strongly acidic cation exchange ability. The results are 
indicated as B in FIG. 6. To make the thickness of the 
Nation® membrane member equal to the thickness of the 
nonwoven fabric provided with strongly acidic cation ex- 
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change ability, five Nation® membranes were stacked 
and used as the Nation® membrane member. The results 
offered by the curve Bin FIG. 6 showed that at an applied 
voltage of about 10 V, a current flowing between the elec- 
trodes was about 0.1 A/cm 2 , 1/66 of the value obtained 
by use of the nonwoven fabric with strongly acidic cation 
exchange ability in Example 1 . Even at an applied voltage 
of about 30 V or more, a current flowing between the 
electrodes was about 1.5 A/cm 2 , by far smaller a value 
than the results of Example 1 . 

[0033] These results demonstrate the following facts: 
With the conventionally used ion exchange membrane, 
there is no movement of water into the ion exchange 
membrane. Thus, water molecules minimally arrive at 
active points having the action of catalyzing the decom- 
position of water. Most of water decomposition takes 
place on the surface of the membrane, and water mole- 
cules decomposed into ions are in smaller amounts than 
by the use of the nonwoven fabric which can decompose 
water even in its interior. Accordingly, it was confirmed 
that the method of the invention, which uses a nonwoven 
fabric having a structure facilitating movement of water 
and provided with ion exchange ability, can easily 
achieve, at a low voltage, a much larger current than by 
the conventional method using an ion exchange mem- 
brane. 

Example 2 

[0034] An attempt at electrolytic removal processing 
was made by means of the same apparatus as in Exam- 
ple 1 and using platinum as the cathode 1 and Mo or Fe 
as the workpiece 2 (anode), with the nonwoven fabric 3 
given strongly acidic cation exchange ability being fixed 
between the electrodes. The results are shown in FIG. 7. 
[0035] The processing speed was proportional to the 
current density for each of Mo and Fe, and a nearly linear 
relation was seen between these parameters. These 
findings confirmed that removal processing can be per- 
formed by moving hydroxide ions generated by decom- 
position of water onto the surface of the workpiece 2 and 
reacting the hydroxide ions with the workpiece 2, and 
that the processing speed is determined by the amount 
of hydroxide ions moved to the surface of the workpiece 
2, and is governed by the magnitude of the current den- 
sity. 

Comparative Example 2 

[0036] The same experiments as in Example 2 were 
conducted using a strongly acidic cation exchange mem- 
brane (Nafion®) instead of the nonwoven fabric provided 
with strongly acidic cation exchange ability. To make the 
thickness of the Nafion® membrane member equal to the 
thickness of the nonwoven fabric, five Nafion® mem- 
branes were stacked and used as the Nafion® membrane 
member. The results are shown in FIG. 7. FIG. 7 con- 
firmed the following facts: With the Nafion® membrane 



which is an ion exchange membrane, the results are com- 
parable to the results obtained when the nonwoven fabric 
given cation exchange ability was used. The processing 
speed is unrelated to the type of the ion exchanger for 
5 promoting dissociation of water, and depends on the cur- 
rent density, i.e., the amount of hydroxide ions moved to 
the surface of the workpiece 2. 

[0037] It is of utmost practical importance that a high 
current density is obtained at a low applied voltage. The 
10 method of the invention, which uses a nonwoven fabric 
provided with ion exchange ability, can easily obtain a 
current density several times to several tens of times as 
high as that of the conventional ion exchange membrane. 
Thus, the superiority of the invention was demonstrated. 

15 

Example 3 

[0038] As shown in FIG. 8, removal processing of Cu 
was performed, with the nonwoven fabric given strongly 
acidic cation exchange ability being in contact with the 
cathode, but away from the anode (Cu) by a distance of 
60 \lh\. When the removal processing was carried out 
for 2 minutes at a current density of 0.5 A/cm 2 , a volume 
processing speed of 1 .0 mm 3 /min or a processing speed 
in the depth direction of 10 ^m/min was obtained, as 
shown in FIG. 7. This processing speed corresponds to 
a current efficiency of 91%, on the assumption that Cu 
is being processed as divalent ions. 



[0039] Removal processing of Cu was performed, with 
the same strongly acidic cation exchange ability-impart- 
ed nonwoven fabric as used in Example 3 being in contact 

35 with both of the anode and the cathode. When the re- 
moval processing was carried out for 2 minutes at a cur- 
rent density of 0.5 A/cm 2 , a volume processing speed of 
0.16 mm 3 /min or a processing speed in the depth direc- 
tion of 1 .6 jxm/min was obtained. This processing speed 

40 is less than 1/6 of that obtained when the anode (Cu) is 
kept out of contact with the nonwoven fabric as in Exam- 
ple 3. The current density calculated on the assumption 
that Cu is divalent ions is also as low as 1 4%. The causes 
may be as follows: The voltage for keeping the current 

45 density constant begins to fall rapidly several tens of sec- 
onds after start of processing, and a black substance is 
accumulated in the nonwoven fabric after processing. 
These phenomena suggest that the processing product 
and the product on the cathode build up in the nonwoven 

50 fabric, thereby short-circuiting the anode and the cath- 
ode. This comparative example demonstrates that when 
processing Cu, the anode and the nonwoven fabric 
should be kept out of contact and the processing product 
should be removed; these measures are effective for 

55 continued processing. 

[0040] While the present invention has been described 
in the foregoing fashion, it is to be understood that the 
description merely shows preferred embodiments of the 
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invention, and various changes and modifications may 
be made without departing from the spirit and scope of 
the invention. 



Claims 

1. An electrolytic machining method comprising: 

placing an anode and a cathode in ultrapure wa- 
ter, the anode serving as a workpiece, and the 
cathode being opposed to the anode with a pre- 
determined spacing; 

disposing a catalytic material between the work- 
piece and the cathode, the catalytic material pro- 
moting dissociation of the ultrapure water and 
having water permeability; and 
forming a flow of the ultrapure water inside the 
catalytic material while applying a voltage be- 
tween the workpiece and the cathode, to decom- 
pose water molecules in the ultrapure water into 
hydrogen ions and hydroxide ions, and supply 
the resulting hydroxide ions to a surface of the 
workpiece, thereby performing removal 
processing of or oxide film formation on the 
workpiece through a chemical dissolution reac- 
tion or an oxidation reaction mediated by the hy- 
droxide ions. 

2. The electrolytic machining method of claim 1 , where- 
in: 

the catalytic material is a no n woven fabric pro- 
vided with ion exchange ability. 

3. The electrolytic machining method of claim 1 or 2, 
wherein: 

the catalytic material is disposed in contact with 
one of the cathode and the anode, and away 
from the other. 

4. The electrolytic machining method of claim 1 or 2, 
wherein: 

the catalytic material is disposed between the 
workpiece (anode) and the cathode so as to con- 
tact both of the workpiece and the cathode. 

5. The electrolytic machining method of any one of 
claims 1 to 4, wherein: 

electrolytic machining is performed, with ul- 
trapure water being flowed in one direction be- 
tween the workpiece and the cathode. 

6. An electrolytic machining apparatus, comprising: 



a processing tank for holding ultrapure water; 
means for bearing a cathode and a workpiece 
in the processing tank; 

means for fixing a nonwoven fabric provided with 
5 ion exchange ability as a catalytic material be- 

tween the workpiece and the cathode; 
means for applying a voltage between the cath- 
ode and the workpiece; 

an ultrapure water feeder for supplying ultrapure 
10 water into the processing tank to form a flow of 

the ultrapure water inside the nonwoven fabric; 
and 

means for discharging waste water, which con- 
tains impurities formed by electrolytic machin- 
es jng, to an outside of the processing tank. 



Patentanspruche 

20 1. Ein elektrolytisches Bearbeitungsverfahren, das 
Folgendes aufweist: 

Anordnen einer Anode und einer Kathode in ul- 
trareinem Wasser, wobei die Anode als ein 
25 Werkstuck dient und die Kathode entgegenge- 

setzt zur Anode mit einem vorbestimmten Ab- 
stand angeordnet ist; 

Anordnen eines katalytischen Materials zwi- 
schen dem Werkstuck und der Kathode, wobei 

30 das katalytische Material die Dissoziation des 

ultrareinen Wassers fordert und eine Wasser- 
permeabilitat aufweist; und 
Formen einer Stromung aus uitrareinem Was- 
ser innerhalb des katalytischen Materials wah- 

35 rend eine Spannung zwischen dem Werkstuck 

und der Kathode angelegtwird, um die Wasser- 
molekule in dem ultrareinen Wasser in Wasser- 
stoffionen und Hydroxidionen zu zerlegen, und 
Liefern der sich ergebenden Hydroxidionen an 

40 eine Oberflache des Werkstucks, wodurch eine 

Entfernungsverarbeitung oder eine Oxidfilm- 
bzw. Oxidschichtbildung an dem Werkstuck 
durch eine chemische Auflosungsreaktion oder 
eine Oxidationsreaktion, gefordert durch die Hy- 

45 droxidionen, erfolgt. 

2. Elektrolytisches Bearbeitungsverfahren nach An- 
spruch 1 , wobei das katalytische Material ein nicht 
gewebter Stoff ist und zwar versehen mit einer lo- 

50 nenaustauschfahigkeit. 

3. Elektrolytisches Bearbeitungsverfahren nach An- 
spruch 1 oder 2, wobei das katalytische Material in 
Kontakt mit der Kathode oder der Anode angeordnet 

55 ist, und zwar weg von der anderen. 

4. Elektrolytisches Bearbeitungsverfahren nach An- 
spruch 1 oder2, wobei das katalytische Material zwi- 
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schen dem Werkstuck (Anode) und der Kathode der- 
art angeordnet ist, dass sowohl das Werkstuck als 
auch die Kathode kontaktiert werden. 

5. Elektrolytisches Bearbeitungsverfahren nach einem s 
der Anspruche 1 bis 4, wobei die elektrolytlsche Be- 
arbeitung mit ultrareinem Wasser durchgefuhrtwird, 
wobei dieses in einer Richtung zwischen dem Werk- 
stuck und der Kathode flieBt. 

10 

6. Elektroiytische Bearbeitungsvorrichtung, die Fol- 
gendes aufweist: 



2. Precede d'usinage electrolytique selon la revendi- 
cation 1, dans lequel : 

la matiere catalytique est un tissu non tisse dote 
d'une aptitude a Techange d'ions. 

3. Precede d'usinage electrolytique se!on la revendi- 
cation 1 ou 2, dans iequel : 

ia matiere catalytique est disposed en contact 
avec la cathode ou avec I'anode, et a I'ecart de 
I'autre Electrode. 



ein Verarbeitungstank zur Aufnahme von ultrar- 4. 
einem Wasser; is 
Mittel zum Lagern einer Kathode und eines 
Werkstucks in dem Verarbeitungstank; 
Mittel zur Befestigung eines nicht gewebten 
Stoffs vorgesehen mit lonenaustauschfahigkeit 
als ein katalytisches Material zwischen dem 20 
Werkstuck und der Kathode; 

Mittel zum Anlegen einer Spannung zwischen 5. 
der Kathode und dem Werkstuck; 
eine Speisevorrichtung fur ultrareines Wasser 
zum Liefern ultrareinen Wassers in den Verar- 25 
beitungstankzurBildung einer Stromung von ul- 
trareinem Wasser innerhalb des nicht gewebten 
Stoffes; und 

Mittel zur Abgabe von Abfallwasser, welches 6. 
Verunreinigungen gebildet durch die elektrolyti- 30 
sche Bearbeitung enthalt, und zwarzur AuBen- 
seite des Verarbeitungstanks hin. 



Revendications 35 

1. Procede d'usinage electrolytique comprenant : 

le placement d'une anode et d'une cathode dans 
de I'eau ultrapure, I'objet a usinerformant I'ano- *o 
de et la cathode etant separee de I'anode d'un 
espacement predetermine ; 
le fait de disposer une matiere catalytique entre 
I'objet a usiner et la cathode, cette matiere ca- 
talytique favorisant la dissociation de I'eau ultra- 45 
pure et etant permeable vis-a-vis de I'eau ; et 
la creation d'un ecoulement d'eau ultrapure a 
J'interieurdu materiau catalytique pendant qu'on 
applique une tension entre I'objet a usiner et la 
cathode, afin de decomposer des molecules so 
d'eau de I'eau ultrapure en ions hydrogene et 
en ions hydroxyde, et d'alimenter en ions hy- 
droxyde ainsi obtenus une surface de I'objet a 
usiner, ce qui produit un traitement d'eiimination 
ou une formation de film d'oxyde sur I'objet a 55 
usiner par le biais d'une reaction de dissolution 
chimique ou d'une reaction d'oxydation impli- 
quant les ions hydroxyde. 



Procede d'usinage electrolytique selon la revendi- 
cation 1 ou 2, dans lequel : 

ia matiere catalytique est disposee entre I'objet 
a usiner (anode) et la cathode, de maniere a 
venir en contact a la fois avec I'objet a usiner et 
avec la cathode. 

Procede d'usinage electrolytique selon Tune quei- 
conque des revendications 1 a 4, dans lequel : 

I'usinage electrolytique a lieu pendant que de 
I'eau ultrapure s'ecoule dans un sens entre I'ob- 
jet a usiner et la cathode. 

Dispositif d'usinage electrolytique comprenant : 

un reservoir de traitement qui permet de contenir 
de I'eau ultrapure ; 

un moyen permettant de soutenir une cathode 
et un objet a usiner dans le reservoir de 
traitement ; 

un moyen permettant de fixer un tissu non tisse 
dote d'une aptitude a I'echange d'ions sous for- 
me de materiau catalytique entre I'objet a usiner 
et la cathode ; 

un moyen permettant d'appliquer une tension 
entre la cathode et I'objet a usiner ; 
un distribute ur d'eau ultrapure permettant de 
fournir de I'eau ultrapure dans le reservoir de 
traitement afin de former un ecoulement d'eau 
ultrapure a rinterieur du tissu non tisse ; et 
un moyen d 'evacuation d'eau usee, qui contient 
des impuretes formees lors de I'usinage elec- 
trolytique, vers une partie exterieure du reser- 
voir de traitement. 
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Fig. 3 
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Fig. 5 
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PROCESSING SPEED (mmVmin) 
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Fig. 8 
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